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?? 1 ??? [0, n]????????????????????? ϕ(0) = 0?????????? Φn ??
??Φn ??? ϕ?????????????????
??????????????????? φ
φ : a1 ≤ a2 ≤ · · · ≤ an
??????
ϕ(0) = 0, ϕ(ν) = ak (k − 1 < ν ≤ k, k = 1, 2, . . . , n) (1)
????
??????? ϕ?????????
?? 2.1 ∀ϕ ∈ Φn? ∀µ ≥ 0?????? 0 ≤ νµ,ϕ ≤ n?????ϕ−1([0, µ]) = [0, νµ,ϕ]???????νµ,ϕ
? µ???????????????? ϕ(νµ,ϕ) ≤ µ????
??? ϕ????? ϕ(0) = 0????? 0 ≤ νµ,ϕ ≤ n????ϕ−1([0, µ]) = [0, νµ,ϕ)??? ϕ−1([0, µ]) =
[0, νµ,ϕ]??????????????????ν � νµ,ϕ??ϕ(ν) ≤ µ??ϕ(ν)� ϕ(νµ,ϕ)????????
??ϕ(νµ,ϕ) ≤ µ??????νµ,ϕ ∈ ϕ−1([0, µ])????νµ,ϕ?????µ < µ�??ϕ−1([0, µ]) ⊂ ϕ−1([0, µ�])
?????????????????? ϕ(νµ,ϕ) ∈ ϕ([0, νµ,ϕ]) ⊂ [0, µ]???????
?????????? ϕ???????????????????????????????????? ϕ
????????????????









ϕ(ν)dν (0 ≤ λ ≤ n) (2)
? ϕ????????????????y(λ)???? 0??? ϕ ∈ Φn ????????????????
??
?? 2.2 ?????????????????
(i) 2? O(0, 0), I(1, 1)????
(ii) ??????????? y = Lϕ(x)????????
(iii) Lϕ(x)????????
??? (i) x(0) = y(0) = 0, x(n) = y(n) = 1?????????
(ii) (2)??? λ = nx????????? y?????????






ϕ(ν)dν (0 ≤ x ≤ 1) (3)
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????ϕ ≥ 0?????????



















































































(i) c > 0????N(c) : Φn −→ Φcn ??
(N(c) ◦ ϕ) (ν) := ϕ(ν/c)
????
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(ii) c > 0????A(c) : Φn −→ Φn ?
(A(c) ◦ ϕ) (ν) := cϕ(ν)
????
????????????????
?? 2.3 ϕ ∈ Φn ? c > 0??? ϕc = N(c) ◦ ϕ, ϕc = A(c) ◦ ϕ????
(i) Yϕc = Yϕc = cYϕ
(ii) Zϕc = cZϕc = c2Zϕ









































− 1 = 2c
2Zϕ
cncYϕ
− 1 = 2Zϕ
nYϕ




− 1 = 2cZϕ
ncYϕ
− 1 = 2Zϕ
nYϕ
− 1 = G(ϕ)
?? 5 ∀n > 0, ∀ϕ ∈ Φn (Yϕ �= 0)????ϕ� =
�
A( nYϕ ) ◦N(
1
n ) ◦ ϕ
�
(ν)???? ϕ� ∈ Φ1, ?? Yϕ� = 1




?? 6 ϕ ∈ Φn ???? [0, n]??????? A (m(A) = n� ≤ n, m(∗)?R? Lebesgue??)????
ϕA ∈ Φn� ??????????
ϕA(ν) = ϕ(min{ξ |m([0, ξ] ∩A) = ν})
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ϕA ? ϕ? A????????
ϕA ∈ Φn� ????????????
???
fA(ξ) := m([0, ξ] ∩A) (7)
????fA????? [0, n]???????????????0 ≤ ν ≤ n�??? fA??? f−1A ({ν})? [0, n]














??? (i) ???? ξ = f−1A (ν)? fA(ξ) = ν ?????
(ii) ν1 < ν2, ξ1 = f−1A (ν1), ξ2 = f
−1
A (ν2)?????(i)?? fA(ξ1) = ν1 < ν2 = fA(ξ2)??????fA ?
????? ξ1 < ξ2?????????????ξ = f−1A (ν)????f
−1
A ???????????ξ� < ξ??
fA(ξ�) < fA(ξ)????∀ε > 0????ξ− ξ� = ε?? ξ�????ν� = fA(ξ�)????ν� < ∀ν�� < ν????
(i)?? fA(ξ�) < (fA ◦ f−1A )(ν��) < fA(ξ)??????? fA?????? ξ� < f
−1
A (ν��) < ξ????????
???? f−1A (ν)− f
−1
A (ν��) < ξ − ξ� = ε????
????????????????????????????ϕA = ϕ ◦ f−1A ∈ Φn� ????
???ϕ? ϕA ???????
?? 3.2 ϕ ∈ Φn ? [0, n]??????? A (m(A) = n�)???
(i) ϕA(ν) ≥ ϕ(ν) (0 ≤ ν ≤ n�)
(ii) ϕA(ν − n+ n�) ≤ ϕ(ν) (n− n� ≤ ν ≤ n)
(iii) 0 ≤ µ1 ≤ µ2 =⇒ m(ϕ−1A ((µ1, µ2])) = m(ϕ−1((µ1, µ2]) ∩A)
??? (i) (7)??? fA(ξ) ≤ ξ???????????????? ξ = f−1A (ν)??????? ϕ?????
????
(ii) [0, n]− [0, ξ] = (ξ, n]???????A???????????????? n�− fA(ξ) ≤ n− ξ?????
??? ξ = f−1A (ν − n+ n�)??????? ϕ?????????
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(iii) ?? 2.1?? ϕ−1((µ1, µ2]) = (ν1, ν2]?? ν1, ν2????????????m((ν1, ν2]∩A)??????
??????????
ν ∈ ϕ−1A ((µ1, µ2])⇔ ν1 < f
−1
A (ν) ≤ ν2 ⇔ fA(ν1) < ν ≤ fA(ν2)⇔ m([0, ν1] ∩A) < ν ≤ m([0, ν2] ∩A)
????1?????? ϕA = ϕ ◦ f−1A ???2???????? 3.1(i)???3?????? fA ??? (7)
????????????? ν ???????m([0, ν2] ∩A)−m([0, ν1] ∩A) = m((ν1, ν2] ∩A)??????
????? =??????

























??? (i) ?? 3.2(iii)? Lebesgue??????????????????????
(ii) ?? 3.2(i)???ϕA(ν1) = ϕ(ν2)?? ν1 ≤ ν2 ?????????????? ν1ϕA(ν1) ≤ ν2ϕ(ν2)??
????(i)???? ϕA ? ϕ????????????????????????
(iii) ?? 3.2(ii)? ν ?????? [n − n�, n]??????????????????????? (ii)???
ϕA(ν1) = ϕ(ν2)?? ν1 ≥ ν2 − n+ n� ??????????????
(ν1 + n− n�)ϕA(ν1) ≥ ν2ϕ(ν2)??????(ii)???????????
??7 ?? [0, n]? 2????????A1, A2 (m(A1) = n1, m(A2) = n2)?A2 := [0, n]\A1, n1+n2 = n?
??????A1, A2? [0, n]???????????ϕ ∈ Φn?A1, A2?????????ϕ1 = ϕA1 , ϕ2 = ϕA2
??????ϕ1, ϕ2 ? ϕ???????
?? 3.3 ϕ ∈ Φn ???? ϕ1 ∈ Φn1 , ϕ2 ∈ Φn2 ????????
(i) Yϕ = Yϕ1 + Yϕ2
(ii) max(Zϕ1 + Zϕ2 , Zϕ1 + n2Yϕ1 , Zϕ2 + n1Yϕ2) ≤ Zϕ ≤ Zϕ1 + Zϕ2 + n2Yϕ1 + n1Yϕ2
??????
















ϕ2(ν)dν = Yϕ1 + Yϕ2
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ϕ1(ν)dν ≥ Zϕ1 + n2Yϕ1































?? 8 ϕ1 ∈ Φn1 , ϕ2 ∈ Φn2 ????ϕ1 ⊕ ϕ2 ∈ Φn (n = n1 + n2)??????????
(ϕ1 ⊕ ϕ2)(ν) :=


0 (ν = 0)
sup({µ |m({ν� |ϕ1(ν�) ≤ µ}) +m({ν� |ϕ2(ν�) ≤ µ}) < ν}) (ν > 0)
?????????R+ = {x ∈ R |x ≥ 0}?????sup ∅ = 0?????? ϕ1 ⊕ ϕ2 ? ϕ1 ? ϕ2 ????
???
ϕ1 ⊕ ϕ2 ∈ Φn ????
g(µ) = m({ν |ϕ1(ν) ≤ µ}) +m({ν |ϕ2(ν) ≤ µ}) (9)
????g?????????????ν > 0???
(ϕ1 ⊕ ϕ2)(ν) = sup({µ | g(µ) < ν}) (10)
?????ϕ1 ⊕ ϕ2 ????????????????? Iν = {µ | g(µ) < ν} ????????????
ν� < ν ⇒ Iν� ⊂ Iν ?????????????????g ???????Iν ????? 0???????
????????????????????????∀ν > 0???????Iν� � Iν (ν� � ν)?????
?i.e. ∀µ ∈ Iν , ∃ν� < ν s.t. µ ∈ Iν�???????????? sup(Iν�)� sup(Iν) (ν� � ν)????
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?? 4.1 ϕ ∈ Φn ? [0, n]??? A1, A2 ????
ϕA1 ⊕ ϕA2 = ϕ
??????
??? ϕA1 = ϕ1, ϕA2 = ϕ2 ????????? ν0 > 0????µ0 = (ϕ1 ⊕ ϕ2)(ν0)?????µ0 = ϕ(ν0)
????
(10)????
µ0 = sup{µ | g(µ) < ν0} (11)
??????? (9)??? (11)?????????
m({ν |ϕ1(ν) ≤ µ}) +m({ν |ϕ2(ν) ≤ µ}) < ν0 (12)
???? µ ≥ 0???????(12)????? (8)??? 2.1?????
m({ν | f−1A1 (ν) ≤ νµ,ϕ}) +m({ν | f
−1
A2 (ν) ≤ νµ,ϕ})
????????? 3.1? (7)???????
m({ν | ν ≤ fA1(νµ,ϕ)}) +m({ν | ν ≤ fA2(νµ,ϕ)}) = fA1(νµ,ϕ) + fA2(νµ,ϕ)
= m([0, νµ,ϕ] ∩A1]) +m([0, νµ,ϕ] ∩A2) = m([0, νµ,ϕ] ∩ (A1 ∪A2))
= m([0, νµ,ϕ] ∩ [0, n]) = m([0, νµ,ϕ]) = νµ,ϕ
???????? (12)?? νµ,ϕ < ν0 ??????(11)??????
µ0 = sup{µ | νµ,ϕ < ν0} (13)
??????? µ0 > ϕ(ν0)???????µ0 > ∃µ1 > ϕ(ν0)?? µ1 ? µ0 ? (13)???????????
νµ1,ϕ < ν0 ?????ϕ(ν0) ∈ [0, µ1]?? ν0 ∈ [0, νµ1,ϕ]???? ν0 ≤ νµ1,ϕ ??????????????
µ0 ≤ ϕ(ν0)????µ0 < ϕ(ν0)???????µ0 < ∃µ2 < ϕ(ν0)?? µ2? µ0? (13)??????????
? νµ2,ϕ ≥ ν0 ??????ϕ??????? 2.1?????? ϕ(ν0) ≤ ϕ(νµ2,ϕ) ≤ µ2 ??????????
??µ0 = ϕ(ν0)??????
? ?? 3.3? ϕ? ϕ1 ⊕ ϕ2 ?????????????????
5 ?????????
2???????????????????????????????????????????????
???????2????????????2??????? s, t? s???????t?????????
?????????????????????
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?? 2 ϕ1 ∈ Φn1 , ϕ2 ∈ Φn2 ???????G1 = G(ϕ1), G2 = G(ϕ2)????s, t > 0????ϕs,t :=

















G(s, t) = sG1 + 1
s+ 1
??????
??? ϕ1, ϕ2 ?????????????????????????? ϕs,t ∈ Φs+1 ?????? 2.3??
? 4.1????
Yϕs,t = Y(N(s)◦ϕ1) + Y(A(t)◦ϕ2) = sYϕ1 + tYϕ2 = s+ t (14)
????????????




− 1 ≤ G(s, t) ≤ 2(s
2Zϕ1 + tZϕ2 + s+ st)
(s+ 1)(s+ t)
− 1 (16)
??????? s�∞?????(16)???????? 2Zϕ1 − 1 = G1???????(i)????????




− 1 ≤ G(s, t) ≤ 2(s
2Zϕ1 + tZϕ2 + s+ st)
(s+ 1)(s+ t)
− 1 (17)





− 1 ≤ G(s, t) ≤ 2(s
2Zϕ1 + tZϕ2 + s+ st)
(s+ 1)(s+ t)
− 1 (18)
?????t� 0??????? 2(sZϕ2+1)s+1 − 1 =
sG1+1
s+1 ?????? (iv)?????
? 1 ∀G1, G2 ∈ [0, 1)???Gj = G(ϕj) (j = 1, 2)????G(ϕ1 ⊕ ϕ2)?????? 1????????
???




? 2 0 ≤ G2 < G1 < 1????????????????????? ϕ1, ϕ2 ?????? t > 0????
0 < s1 < s2 < s3 ? G(s1, t) < G(s2, t), G(s2, t) > G(s3, t)???????? s1, s2, s3 ?????
???? 1?????? (s, t)?????G1 < G(s, t) < 1??????? s? s2????t????? s� 0
???? G(s, t) → G2 < G1 < G(s2, t)??????G(s1, t) < G(s2, t)??? s1 < s2 ????????















3??????????????? 21 ????? 027 ????
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???? ??? ????
?????? 0.31392 0.17254 0.14138
??? ??????? 0.92180 0.48603 0.43576
???? ??? 1.31326 0.59936 0.71391
???? ??? 1.31576 0.58539 0.73038
???? ??? 1.39575 0.54333 0.85242
???? ??? 1.34305 0.51231 0.83074
???? ??? 1.52372 0.50310 1.02062
???? ??? 1.42874 0.42248 1.00627
???? ??? 1.41606 0.33003 1.08602
???? ??? 1.26057 0.25590 1.00467
???? ??? 1.28621 0.22860 1.05761
???? ??? 1.07767 0.19216 0.88552
???? ??? 1.09329 0.16794 0.92536
???? ??? 0.91068 0.14737 0.76331
???? ??? 0.88629 0.14347 0.74282
???? ??? 0.74070 0.11824 0.62245
???? ??? 0.74085 0.10821 0.63264
???? ??? 0.59888 0.09556 0.50331
???? ??? 0.55626 0.08622 0.47004
???????? 0.46403 0.07282 0.39122
????????? 0.81169 0.12260 0.68909
????????? 0.57731 0.10193 0.47537
????????? 1.05312 0.18305 0.87007
????????? 0.60690 0.12207 0.48484
???????? 0.36347 0.09793 0.26554





??????????????? 24??????????????? 61????? 21?????????
? ??????????????? ϕS61, ϕS62, . . . , ϕH21 ???????????? n = 1???????
????Φ1 ?????????4????
ϕ = ϕS61 ⊕ ϕS62 ⊕ · · · ⊕ ϕH21
???????????????
ϕ ∈ Φ24 ????????? p = 0.2666????
ϕ = ϕ1 ⊕ ϕ2
�
ϕ1 ∈ Φ24p, ϕ2 ∈ Φ24(1−p)
�























= ϕ1y ⊕ ϕ2y





???????????????????????? 61??????????? 0.3570, 0.3695 ?????






















?????????????? ϕ ∈ Φ24 ?????????????????? 456.6294???????
? 630.8150???????? 584.3753????????????????????????????m1??

















= ϕ1y ⊕ ϕ2y
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